An investigation of the quantitative and qualitative characteristics of Kosynthos river flow is presented. Four monitoring sites were established along Kosynthos river for the period October 2003 to October 2005 where discharge and water quality parameters were monitored. River flow processes have changed over the recent years due to canalization and diversion of flow, which have caused reduction in river losses from the study reach, thus affecting local aquifer recharge. Both anthropogenic activities and geological deposits were found to affect Kosynthos river hydrochemical regime. PCA proved to be a useful tool for the exploration of Kosynthos river dataset. Three PCs were rendered including a nutrient type component, a geochemical type component and a eutrophic type component. Continuing monitoring of this river is essential for two reasons: it recharges the aquifer used for water supply of the city of Xanthi, and discharges to Vistonis lagoon which is a very significant ecosystem.
INTRODUCTION
Anthropogenic impact on natural environments, and especially on aquatic ecosystems, is currently a topic of increasing concern. Deterioration of lake and river water quality is common in many aquatic systems. Potential causes are various point and non-point sources of pollution (Carpenter et al., 1998) .
Human activities have affected the river systems in numerous ways, for example, through deforestation, urbanization, agricultural development, land drainage, pollutant discharge and flow regulation (dams, canalization, etc) . River water quality may vary depending on morphological features, vegetation and activities in the river basin, as well as the location of monitoring sites, i.e., if there are installed upstream in the mountains or at the lower reaches of the river course (Brezonic et al., 1999) .
Rainfall strongly controls water chemistry by determining the volume of water available to wash off, transport and dilute pollutants (Hem, 1985) , governing the amount of river flow, and controlling flood events and subsequent flushing (Walling and Foster, 1975) . The protection of groundwater from pollution is also considered very important; protecting surface waters interconnected with the aquifers from pollution also helps to maintain and improve groundwater quality.
In the frame of the present work, a monitoring investigation was performed to determine the pollution levels in Kosynthos river basin, Thrace, North-eastern Greece, and identify pollution sources, aiming at proposing management measures. The results of this study are presented herein.
MATERIALS AND METHODS Study area description
Kosynthos river is located in north-eastern Greece. Its total length is approximately 52 km. It originates from Rhodope Mountains, and after traversing a basin of about 440 km 2 that includes mountain terrain, agricultural plains and urban areas, it discharges to Vistonis lagoon ( Figure 1 ). The major sources that can affect its water quality are agricultural, urban and industrial activities taking place in the lower reaches of the basin. The natural environment of the river is still relatively undisturbed in the greatest part of the basin. Water needs of the area are satisfied mainly by groundwater abstracted from numerous wells. Geologically, Kosynthos catchment belongs entirely to Rhodope massif, consisting of old metamorphic rocks (gneisses, marbles, schsits), observed mainly at the northern part of the study area. Moreover, igneous rocks (granites, granodiorites) have intruded Rhodope massif, through magmatic events in tertiary times, and outcrop in the southern part of the area together with quaternary sediments. Precipitation averages 791 mm annually in the plain area, ranging from 368 to 1,307 mm, while in the mountainous area it averages 1044 mm annually, ranging from 539 to 1,828 mm.
Kosynthos river water quality is an important aspect, as water is used for irrigation purposes and also recharges the Xanthi's plain aquifer, which constitutes the potable and irrigation water supply of about 50,000 inhabitants. Moreover, Kosynthos river discharges into Vistonis lagoon, which is one of the most significant ecosystems of Greece, protected by the Ramsar Convention and belonging to EU NATURA 2000 sites. Over the past 20 years, the lagoon has suffered severe impacts due to point and non-point sources of pollution (Gikas et al., 2006a; 2006b) .
River flow and water quality monitoring was undertaken at four monitoring sites (MS) along Kosynthos river and its tributaries (Figure 1 ). Monitoring site 1 (MS 1) was located in tributary Gerakas, at the northern of the city of Xanthi. Monitoring site 2 (MS 2) was situated in the city of Xanthi. Monitoring site 3 (MS 3) was located in a significant tributary (Kimmeria Creek) of Kosynthos river near Kimmeria village, which confluences with Kosynthos upstream of monitoring site 4 (MS 4), located downstream of the city of Xanthi. 
River discharge measurements

Principal component analysis
PCA and factor analysis in general, are useful tools and have been widely used for water quality exploration. PCA seeks to establish combinations of variables capable of describing the principal tendencies observed while studying a given matrix (Bengraine and Marhaba, 2003; Farnham et al., 2003) .
PCA technique extracts the eigenvalues and eigenvectors from the covariance matrix of original variables. It allows finding associations between variables, thus, reducing the dimensionality of the dataset. The principal components (PCs) are the uncorrelated (orthogonal) variables, obtained by multiplying the original correlated variables with the eigenvector (loadings or weightings). The eigenvalues of the PCs are the measure of their associated variance. The participation of the original variables in the PCs is given by the loadings, and the individual transformed observations are called scores (Hoffman and Lieberman, 2000; Reed et al., 1998; Sabater et al., 1990) . The Bartlett's sphericity test was applied to the correlation matrix of variables for assessing the adequacy of PCA (Sabater et al., 1990) . Following the criteria of Cattell and Jaspers (Huntley et al., 1995) , PCs with eigenvalue >1 were retained. Also, a varimax rotation was performed to address the problem of variables loading moderately (or equally) on one or more of the axes. A secure increased PCs chemical/environmental significance is the consequence of this rotation on the interpretation of the results.
Here, PCA was performed for pH, EC, DO, NO 3 -, NO 2 -, NH 4 + , PO 4 3-, SO 4 2-and HCO 3 -in all the monitoring sites combined, with a view to assess the compositional differences among different water samples and the influence of anthropogenic activities for the whole basin.
RESULTS AND DISCUSSION Water discharge
The temporal variation of water discharge across Kosynthos river is shown in Figure 2 This could be attributed to the human activities that have affected the river system in numerous ways and especially to flow regulation through diversion and canalization. Specifically, the main course of Kosynthos river used to follow a direction south of MS 4 and discharge directly to Thracian sea ( Figure 1 ). The river course, downstream of MS 4 was canalized and diverted to a west-south direction in 1958. In this way, many kilometers of river course were abandoned, thus affecting adversely the groundwater recharge of the underlying aquifer system. In a similar way, the numerous small torrents in the area lost long reaches of their courses with the same adverse result. . groundwater recharge pH A statistical overview of the water quality parameters for each site is given in Table 1 , while their temporal distribution is shown in Figure 3 . In general, the examined surface waters were in the alkaline pH range without remarkable variations, but with a trend to increase during spring and summer in all monitoring sites. In summer, pH values were more than 8.5, thus exceeding the WHO limits (WHO, 1984) for drinking water. The highest pH values were observed in MS 3, while the lowest in MS 2. pH variations and DO levels, in turn, regulate most of the biochemical and chemical reactions affecting water composition. Thus, an increase in the phytoplankton population (from March to July) produces an increase in the pH value and oxygen supersaturation, due to high photosynthetic activity (Fourqurean et al., 1993) .
Conductivity
Conductivity measurement provides an indication of ion concentration. The same trend with pH was observed for EC. Mean and range of EC in each monitoring site are presented in Table 1 . The highest conductivity was observed in MS 3 (473 µS cm , Sep. 2004 ) with the highest range observed in MS 4. Human activities, as well as the nature of geological deposits through which the river flows, are the two main reasons for the higher values observed at monitoring sites 1, 3 and 4, respectively. More specifically, the dilution processes of the marbles and limestones existing in the north of the study area increases the ionic content of river water, thus leading to higher conductivity values in MS1 and MS3. High values were expected during the warm period, due to low water flow and high temperatures.
DO
Mean and range of DO at each monitoring site are shown in Table 1 . DO is the single and the most important component of surface water that initiates self-purification processes, thus contributing to the maintenance of aquatic organisms. This parameter is most reactive and reliable in the short-term than most chemical constituents in water. DO concentration varied from 3.8 (MS 1, Sep. 2005) to 15 mg l -1 (MS 3, Dec. 2004) . DO in the examined waters showed large variations. Variations were rather temporal than spatial. Lower values were expected during the warm period, due to higher water temperatures. (MS1) is warmer than the main river because of the smaller discharge. The highest temperature values were observed just after the city of Xanthi (MS 4). As expected, high water temperatures were observed during the warm period from May to September. Thermal increase can also be caused by the absence of trees and vegetation that shade and cool streams. This is more obvious in MS 4 where the riparian vegetation is completely absent. High temperature, during the warm period, can result in intensive evaporation and flow minimization, which may lead to the accumulation of organic matter, responsible for oxygen depletion in the water (Justic et al., 1997 Table 1 presents mean and range of nutrient concentrations at each monitoring site, while the temporal distributions are shown in Figure 4 . Nearly in all monitoring sites, the dominant soluble nitrogen form was NO 3 -followed by NH 4 + and NO 2 -. Mean values of nitrates at all monitoring sites were higher than the value of 100 µg l -1 reported by Meybeck (1982; 1998) as mean nitrate concentration found in unpolluted rivers. Nevertheless, all mean concentrations were lower than the maximum permissible concentration for drinking water, and thus they could be classified as non-polluted surface freshwaters according to the "Nitrate Directive" (Jarvie et al., 1998) . The highest mean nitrate concentration was observed in MS 3, indicating nitrate inputs from urban and agricultural runoff, as higher values were observed after flood events. Nitrate concentration maxima were observed at the end of winter and during spring, and minima during the summer (Vega et al., 1998) . The peak concentration was partially a result of rainfall, washing out nitrates from fertilizers and urban activities (van der Molen et al., 1998) . A similar pattern was also observed for ammonium and phosphates.
Speciation of nitrogen
Mean nitrite values at the various monitoring sites ranged from 0 up to 32 µg l -1 . The highest mean and monthly NO 2 -concentration was observed in MS 4 due to higher nitrogen inputs from urban runoff. According to Meybeck (1982) , the mean concentration for unpolluted water is 1.5 µg l , whereas the mean value reported for the unpolluted water is 15 µg l -1 (Meybeck, 1982) . Higher levels were found in MS 4 and could be related to anthropogenic activities, following a similar to nitrate pattern. Figure 3 . EC, pH, DO and T temporal vatiation at the four monitoring sites in Kosynthos river
Ortho-phosphates
Mean and ranges of PO 4 3-concentration determined in this study are presented in Table 1 . Mean values of P-PO 4 3-at most monitoring sites in different sampling times, exceeded the UK criterion (0.1 mg l -1 ) for running freshwaters subject to eutrophication (Young et al., 1999) . Ortho-phosphate is one of the essential plant nutrients, which in low concentrations, controls the primary productivity in the aquatic environment (Diaz et al., 2001 ). An understanding of its sources and transport in catchments is necessary to help identify and reduce eutrophication risks (Cooper et al., 2002) . The transport of phosphorus from a wide range of sources affects the overall quality of river systems.
Sulfates and bicarbonates
Sulfates showed remarkable seasonal variation at the majority of the monitoring sites with higher concentrations being recorded during summer and autumn. The highest mean values were observed at monitoring sites 3 and 4 which follow a similar trend. Higher sulphate concentrations can be attributed to geochemical influence. Bicarbonates constitute the major ion for Kosynthos river water in all monitoring sites. The highest mean values were measured in monitoring sites 2 and 4. They originate from the dilution of limestones and marbles of the mountainous part of Kosynthos river basin. 
Heavy metals
The mean concentrations of some examined heavy metals, and especially of Cu, Fe, Zn and Pb, show significant variation between MS 3 and the other monitoring sites (Table 1, Figure  5 ). Higher Mn and Cr concentrations were observed in MS 4 and MS 2, respectively. The mean concentrations of Ni, Cd and Pb showed little variations between different monitoring sites (Table 1) , suggesting influence from the geological deposits rather than from point sources. The highest concentrations for Cu, Fe, Zn, Mn, Pb, Cr, Ni and Cd were 52.8, 482.0, 637.5, 173.5, 5.0, 24.5, , respectively, with Fe, Mn, Cr and Cd concentrations exceeding the WHO limits (WHO, 1984) for drinking water. These values were usually observed after flood events. A significant part of these metals probably originates in heavymetal rich geologic formations that exist in Kosynthos river catchment. The existence of mining facilities in the sub-basin of Kimmeria tributary (MS 3) demonstrates this fact.
Principal component analysis
The Bartlett's sphericity test carried out on the correlation matrix of variables, shows that significance is equal to zero, thus indicating that PCA can achieve a significant reduction of the dimensionality of the original dataset. PCA was performed on normalized data using the Factor procedure in the SPSS software package (SPSS, 2002) . The loadings of the measured variables on the several PCs are shown in Figure 5. Heavy metals temporal vatiation at the four monitoring sites in Kosynthos river River flow processes have changed over the last years due to canalization and diversion of flow affecting the local aquifer recharge, which does not show a clear and continuous trend. The nitrate and nitrite concentrations were found below the levels established for potable water (50 mg l -1 NO 3 -). Phosphate concentrations sometimes exceeded eutrophication trigger levels. Phosphate concentrations were significantly higher during winter and spring due to rainfall and snow melting. From the four monitoring sites, the most polluted is the most downstream mainly because of urban and agricultural runoff. There is a clear tendency for pH and EC to increase from spring to summer and to decrease during autumn and winter, especially after flood events. T and DO variation follows a seasonal trend. Significant heavy metal concentrations, sometimes exceeding the WHO limits for drinking water, were observed especially in MS 3, which can be attributed to geological influence.
PCA proved to be a useful tool for the exploration of Kosynthos river dataset. PCA rendered three significant PCs from which the first one is a nutrient type component, the second one is a geochemical influence type component and the last one is a eutrophic type component. Monitoring of this river is essential for two reasons: it recharges the aquifer used for water supply of the city of Xanthi, and discharges in Vistonis lagoon which is a very valuable ecosystem.
